Abstract Foreign body-induced granuloma is an uncommon yet clinically significant cause of hypercalcemia. The molecular mechanisms are uncertain, although extrarenal calcitriol production has been proposed. We describe severe hypercalcemia associated with increased levels of plasma calcitriol in a patient with HIV and local granulomatous reaction 5 years after injection of polymethylmethacrylate (PMMA) as dermal filler for cosmetic body sculpting. Extensive evaluation revealed no identifiable cause of increased calcitriol levels. Nuclear imaging was remarkable for diffuse uptake in the subcutaneous tissues of the buttocks. Subsequent muscle biopsy and immunohistochemical staining showed strong local expression of CYP27B1 within histiocytes surrounding globules of PMMA. This case highlights an unfortunate complication of dermal fillers and shows that inflammatory cells can express high levels of CYP27B1 even without frank granulomas. The growing trend of body contour enhancement using injectable fillers should raise suspicion for this cause of hypercalcemia in clinical practice. Patients with HIV who receive this treatment for lipodystrophy or other cosmetic purposes may have increased susceptibility to hypercalcemia in the setting of underlying chronic inflammation. This may be a concern when changing antiretroviral therapy, since alterations in levels of HIV viremia may initiate or contribute to worsening hypercalcemia.
Introduction
Hypercalcemia mediated by 1,25(OH) 2 vitamin D (1,25(OH) 2 D or calcitriol) is an uncommon yet clinically significant cause of this metabolic disturbance. Foreign body reactions are reported to cause this form of hypercalcemia, but are only documented in a few case reports and clinical series. The unifying mechanism is presumed autonomous 25-OH vitamin D 1-a-hydroxylase (CYP27B1) activity within granulomata resulting in excessive circulating 1,25(OH) 2 D levels. However, evidence confirming this mechanism in non-sarcoid cases remains limited [1] .
We evaluated a man with severe hypercalcemia and elevated 1,25(OH) 2 D levels after receiving polymethylmethacrylate (PMMA) injections for cosmetic soft tissue augmentation. We hypothesized that the hypercalcemia resulted from a foreign body reaction, producing increased levels of CYP27B1 within histiocytes surrounding an inflammatory response to PMMA. To confirm this, we performed muscle biopsies from sites corresponding to hypermetabolic uptake on PET-CT at locations correlating with PMMA injection sites.
Materials and Methods
The study was conducted with approval from the UCSF Committee for Human Research. For immunohistochemistry, sections were deparaffinized and rehydrated. Endogenous peroxidase was blocked with 3 % hydrogen peroxide. Goat CYP27B1 antibody or normal goat serum (negative control) was applied to paraffin-embedded muscle sections (1:100, overnight, 4C) and was detected with biotinylated anti-goat secondary antibody followed by ABC peroxidase reagent (all antibodies from Santa Cruz Biotechnology, Inc.) [2] . Enzyme expression was visualized by diaminobenzidine substrate and hematoxylin counterstaining.
Case Report
A 52-year-old man with a history of controlled human immunodeficiency virus (HIV) and hepatitis B (HBV) infections presented to his internist with a 1-month history of fatigue, polyuria, and weight loss. Initial evaluation showed albumin-corrected serum calcium of 12.5 mg/dL (nl, 8.8-10.3) and creatinine of 1.9 mg/dL (nl, 0.77-1.22). His viral load was suppressed on tenofovir, emtricitabine, and rilpivirin, and his CD4
? T-cell count was 444 (nl, 410-1590 9 10 6 /L). He had no history of opportunistic infection, and all prior routine laboratories were normal. The patient subsequently stopped all HIV medications because of concern for adverse drug reaction. He denied use of thiazide diuretics, lithium, calcium, and vitamin A or D supplements. Two months later he was admitted to the University of California, San Francisco Medical Center (UCSF) for evaluation and management of persistent symptomatic hypercalcemia.
Review of systems was notable for myalgia. Physical examination showed prominent muscles diffusely tender to palpation. Laboratories revealed marked hypercalcemia and renal failure with albumin-corrected serum calcium of 14.6 mg/dL (nl, 8. Workup for calcitriol-mediated hypercalcemia revealed elevated serum angiotensin-converting enzyme [ACE, 200 U/L (nl, 9-67)]. Non-contrast computed tomography (CT) imaging of the chest, abdomen, and pelvis showed nodular soft tissue densities in both buttocks but no evidence of sarcoid or malignancy. Whole-body 18-fluorodeoxyglucose (FDG) PET scan showed uptake in the subcutaneous regions of the proximal thighs, buttocks, and deltoids, without tracer-avid lymphadenopathy or masses (Fig. 1a) . Bone marrow biopsy, serum and urine protein electrophoreses with immunofixation, serum alpha-fetoprotein, and abdominal ultrasound were negative for malignancy.
The patient later revealed a history of cosmetic injections with PMMA for HIV lipodystrophy, first in his buttocks 5 years previously, and then in his deltoids 1 month prior to symptom onset. Biopsies from both sites revealed florid giant cell reaction with histiocytic infiltration surrounding globules of amorphous material (PMMA) (Fig. 2) . Muscle sections stained with antibody to CYP27B1 revealed strong histiocytic expression of CYP27B1 (Fig. 2) .
The patient received intravenous (IV) fluids and pamidronate and resumed anti-retroviral therapy (ART). After 5 weeks, he received IV zoledronic acid and methylprednisolone for persistent hypercalcemia. Serum calcium levels subsequently normalized. Three months later, severe hypercalcemia recurred, which resolved after a second course of IV zoledronic acid and methylprednisolone. Eight months later, his serum calcium and creatinine remained normal (Fig. 1b) , and HIV viral load was undetectable. Serum ACE, measured as an adjunct for sarcoid work-up, was not trended since its utility is limited by poor specificity [3] .
Discussion
This patient demonstrates calcitriol-mediated hypercalcemia secondary to elevated CYP27B1 expression within a foreign body reaction to cosmetic injections with PMMA.
A review of calcitriol-mediated hypercalcemia reported sarcoidosis as the most common etiology (49 %), followed by hematological malignancy (17 %), and then systemic infections (8 %). Only two cases of foreign body granulomatosis were reported [4] . Extensive evaluation of our patient was negative for common causes of hypercalcemia. In patients with HIV, granulomatous opportunistic infections are of concern since granulomatous reactivation can be associated with initiation of ART in patients with CD4
? T-cell counts \100 cells/ml [5] . However, this was not compatible with our patient, as he maintained stable CD4 ? T-cell counts ([300 cells/ml) and had no history of opportunistic infections. Furthermore, tuberculin skin testing and chest X-ray were both negative, as were physical exam and imaging for lymphadenopathy.
An inflammatory reaction was evident from hypermetabolic uptake on PET-CT at anatomic locations correlating with prior PMMA injections. We hypothesized that the hypercalcemia was caused by calcitriol from activated histiocytes reacting to PMMA. Although muscle biopsies did not reveal discrete granulomas, they demonstrated a florid giant cell reaction with histiocytic infiltration surrounding the PMMA globules. Immunostaining revealed strong histiocytic expression of CYP27B1, thus confirming our hypothesis.
We note the initial presentation occurred while the patient was on ART and progressed after he discontinued ART. It is well established that ART suppresses systemic HIV-associated inflammation [6] and that treatment interruption increases systemic inflammation [7] . Therefore, while this patient's treatment interruption did not initiate the inflammatory reaction, the correlation between detectable HIV viremia and worsening hypercalcemia suggests that uncontrolled viremia and resultant T-cell and macrophage activation may have contributed to PMMA-driven CYP27B1 activity. Restarting ART also correlated with resolution of the hypercalcemia. Therefore, blunting the immunologic response to PMMA may have helped resolve this patient's hypercalcemia.
Our case highlights an important complication of dermal fillers, whose popularity has grown in recent decades such that there are currently over 160 products available worldwide [8] . Granulomatous reactions to these materials are reportedly rare (0.01-1 % of cases used). Such complications can appear several months to years after injection [8] .
Hypercalcemia resulting from a foreign body-induced granulomatous reaction to cosmetic injections with silicone was initially reported in 1984 [9] . The first report of hypercalcemia related to PMMA-induced granuloma emerged in 2014, with a series of four women [10] ( Table 1) . While it is presumed that the hypercalcemia from foreign body-induced granuloma is due to increased CYP27B1 activity in activated macrophages (as in sarcoidosis), evidence to confirm this is limited and has not been previously demonstrated with PMMA. In 2014, a case report described a young bodybuilder who developed hypercalcemia and elevated calcitriol after paraffin oil injection for muscle contouring. Immunohistochemical staining confirmed increased CYP27B1 expression by macrophages within multiple paraffinomas [11] . That case and ours support this mechanism of extrarenal calcitriol production by activated macrophages within a foreign body reaction to a dermal filler. However, our case establishes this scenario in the setting of PMMA, a novel filler with which providers have limited clinical experience. We also demonstrate that inflammatory cells can express high levels of CYP27B1 in the absence of discrete granuloma formation.
Because foreign body-induced hypercalcemia is rare, there are no standardized treatments. Standard management of hypercalcemia is employed (saline rehydration, IV bisphosphonates, and glucocorticoids). Glucocorticoids antagonize the actions of 1,25(OH) 2 D and suppress inflammatory mediators that stimulate CYP27B1 activity [4, 12] . In patients who fail to respond to steroids, other options include chloroquine, hydroxychloroquine, and ketoconazole, on which there is less information [4, 12, 13] . In cases of intractable granulomas, surgical excision is recommended. Unfortunately, surgical removal of PMMAinduced granulomas can be difficult because PMMA diffuses into tissues [14] . Therefore, hypercalcemia may become chronic with the consequential risk of chronic renal dysfunction. In our case, bisphosphonates were selected because they are standard of care in acute hypercalcemia management. Further, as potent antiresorptive agents, they effectively inhibit ongoing bone resorption driven by calcitriol-and cytokine-mediated osteoclast activation. Glucocorticoids were subsequently employed to target the underlying inflammatory reaction and dysregulated calcitriol production.
In conclusion, granulomatous reaction to foreign substances is an important cause of hypercalcemia that can be Fig. 2 Histologic sections of muscle stained with antibody to CYP27B1 (25-OH vitamin D 1-a-hydroxylase). a Positive control (normal human skin biopsy), b negative control (no CYP27B1 antibody, patient muscle), c, e normal muscle (an unrelated patient), d, f patient muscle (M) with strong CYP27B1 expression (brown) in the histiocytes surrounding presumed PMMA globules (arrows) in the inflammatory reaction (G). Scale bars 50 lm chronic and refractory to treatment. Here, we demonstrate the mechanism of calcitriol-mediated hypercalcemia with elevated CYP27B1 expression by inflammatory cells, specifically without frank granuloma formation, in the setting of foreign body reaction to PMMA injections. The growing trend of body contour enhancement using injectable fillers should raise suspicion for this unusual cause of hypercalcemia in practice. Patients with HIV who receive injectable fillers for treatment of HIV lipodystrophy or other cosmetic purposes deserve particular consideration, especially in the setting of ART regimen changes, as HIV replication may initiate or contribute to worsening hypercalcemia. In such cases, suppression of HIV reduces abnormal T-cell and macrophage activation and may be critical in maintaining control of hypercalcemia.
